Recently, the realization of classical analogues of topological insulators in artificial crystals has been an emerging research area [1] [2] [3] [4] [5] [6] [7] [8] . Particularly in 2005, Haldane and Raghu transferred the key feature of topological insulators to the realm of photonics and proposed the photonic analog of quantum Hall effect in photonic crystals (PCs) [9, 10] . After this milestone of work, photonic analog of topological insulators, i.e., photonic topological insulators (PTIs) have been theoretically proposed and experimentally demonstrated in different photonic systems [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Some traditional views on light propagation were overturned with the application of topological concepts. For example, broadband non-reciprocal propagation of light was realized [9] [10] [11] [12] , and reflection-free routing of light along sharply bent waveguides was demonstrated [16] [17] [18] . By borrowing the discrete degrees of freedom (e.g., spin and valley), the advent of PTIs has opened a path towards the discovery of fundamentally new states of light and revolutionary photonic devices.
On the other hand, the emergence of two-dimensional layered materials has provided a laboratory for exploring topologically nontrivial phases such as quantum Hall, spin Hall, and valley Hall phases [26] [27] [28] [29] . Recently, in addition to the real electronic spin and valley pseudospin, the layer degree of freedom has been investigated as an additional pseudospin in bilayer systems [30] . A state of bilayer graphene or transition metal dichalcogenides localized to the upper or lower layer can be labelled with pseudospin up or down, respectively. The exploration of layer pseudospin and its interplay with other degrees of freedom has inspired numerous intriguing phenomena such as tunable gap bandwidth [31] , spin-layer locking effects [32] , magnetoelectric effects [33] , and unconventional superconductivity [34] .
In this work, we report layered PTIs by introducing the layer pseudospin into all-dielectric bilayer PC slabs. The introduction of additional layer pseudospin offers more dispersion engineering capability and a model Hamiltonian is developed to describe the interlayer interaction within the bilayer PC slabs. Layer-polarized and layer-mixed PTIs are realized, and their phase transition is demonstrated. Layer-direction locking behavior of edge states is found at the boundary between two layer-polarized PTIs. High transmission is achieved in the bilayer domain wall between two layermixed PTIs, even when a large defect is introduced. Layered PTIs open up a route towards the discovery of fundamentally novel states of light and applications such as layer-dependent light transmission.
Bilayer photonic crystal slabs
We consider the bilayer photonic crystal (PC) slab which consists of two layers of dielectric PC slabs, i.e., the upper layer1 and the lower layer2 [ 
Layered photonic topological insulators
The all-dielectric bilayer PC slab presented in Fig. 2a has the D6h symmetry which contains the mirror symmetry and the inversion symmetry. Layered PTIs can be obtained by applying symmetry breaking perturbations to this bilayer PC slab. We first discuss the structure where the mirror or inversion symmetry is broken individually, and then in next section consider the general case where mirror and inversion symmetries are broken simultaneously.
As shown in the inset of Fig. 2c Induced by the nonzero interlayer coupling, fields are mixed between two layers. In addition, indicating by the same anticlockwise power fluxes [grey arrows], these two states belong to the same orbital states [3D schematics in Fig. 2f ]. Combining these properties, we denote this kind of bilayer PC slab as the layer-mixed PTI.
Phase transition and effective Hamiltonian
The layer-polarized PTI presented in Fig. 2c and the layer-mixed PTI shown in Fig. 2e Fig. 3a in which the horizontal and longitudinal axis are respectively given by Δ and Σ. The bilayer PC slab discussed in Fig. 2a locates at the origin of phase diagram, and it has two pairs of gapless linear dispersions near the K point [ Fig. 3b4 ]. Along the horizontal axis, a directional band gap is immediately obtained for a nonzero Δ [Fig. 3b1] . The larger the absolute value of Δ, the larger the band gap, e.g., the one presented in The above two topological phases and associated phase transition can be described by the effective
Hamiltonian of AA-stacking bilayer PC slabs with broken mirror and inversion symmetry [see detailed derivation in Supplementary Section C]: ( / )
where the values of w and η can be numerically fitted from the frequency spectra in 
Layer dependent edge states in layer-polarized photonic topological insulators
The nonzero topological invariants indicate the nontrivial topology, implying the protected edge states at the domain wall between two topologically distinct PTIs. We first consider the topological domain wall which consists of the layer-polarized PTI with CL = 1 (e.g., A1 130 nm s  and 
Conclusion and Outlook
In conclusion, we report layered PTIs by introducing the layer pseudospin into all-dielectric bilayer PC slabs. Layer-polarized and layer-mixed PTIs are observed, and the phase transition between them is demonstrated by a complete phase diagram. These are well illustrated by a model Hamiltonian by considering the nonzero interlayer coupling and symmetry breaking perturbations. The layerdirection locking behavior and high transmission are demonstrated. By employing the additional layer pseudospin, our work has demonstrated the band dispersion engineering capacity and light flow control in layered PTIs. The introduced all-dielectric bilayer PC slabs will become a powerful platform for emulating other topological states and studying other interesting physical phenomena.
